Dehmelt had proposed this optical double-resonance scheme (terming it electron shelving) as an amplification mechanism to detect a weak transition in singleatom spectroscopy. 5 This technique has been used for several years in high-resolution spectroscopic studies of samples of many laser-cooled ions, achieving quantum amplifications of 10 and higher. In 1981, electron-shelving amplification was used to perform optical-optical double resonance in a single, lasercooled, trapped ion. While the signal-to-noise ratio in that experiment was not sufficient to see quantum jumps directly, the fact that the atomic fluorescence would be bistable was noted. More recently, the statistics of quantum switching in a single atom have been theoretically treated in some detail first by Cook and Kimble7 and subsequently by several other authors. s '3 In this Letter we report the clear experimental demonstration of quantum jumps in a single laser-cooled '9sHg+ ion stored in a miniature radio-frequency trap.
coupled to the metastable state. When the atomic electron moves to the metastable state, the fluorescence from the strongly driven transition disappears. When the electron drops back into the strongly driven transition, the fluorescence abruptly returns. Thus the strong transition fluorescence is a monitor of the quantum state of the atom. Several years ago, Dehmelt had proposed this optical double-resonance scheme (terming it electron shelving) as an amplification mechanism to detect a weak transition in singleatom spectroscopy. 5 This technique has been used for several years in high-resolution spectroscopic studies of samples of many laser-cooled ions, achieving quantum amplifications of 10 and higher. In 1981, electron-shelving amplification was used to perform optical-optical double resonance in a single, lasercooled, trapped ion. While the signal-to-noise ratio in that experiment was not sufficient to see quantum jumps directly, the fact that the atomic fluorescence would be bistable was noted. More recently, the statistics of quantum switching in a single atom have been theoretically treated in some detail first by Cook and Kimble7 and subsequently by several other authors. s '3 In this Letter we report the clear experimental demonstration of quantum jumps in a single laser-cooled '9sHg+ ion stored in a miniature radio-frequency trap.
The basic idea for quantum switching and the associated statistics is illustrated with the three-level system shown in Fig. 1 From data similar to those of Fig. 2(b) , we plotted the distribution of off times r, rr and the distribution of on times 7,". Theory predicts that the probability density for the time duration of the off (and on) intervals necessary to examine the off-diagonal terms of the density matrix in order to include possible coherence effects. s'3 However, for the conditions of our experiment, that is, for times longer than the inverse of the excitation and spontaneous emission rates on the strong transition, and when the excitation and emission rates on the strong transition exceed those on the weak transition, the dynamics of the quantum-jump process can be described by effective two-state rate equations for coherent or incoherent excitation. &(r) = (l(t)l(t+T)).
This expression can be written as (1) we determine the A coefficient for the metastable 2D2ts state. Unfortunately, the data analysis is complicated by the background events as indicated in Fig. 2(a) According to theory'9 it decays with nearly equal probability to the lower-lying D5t2 state and to the ground state. We estimate'7 the probability that a mercury ion in the 'P,~2 state will decay to the 'D3tz state as 3x 10 7. In the present experiment there is no direct measure of the background pressure at the trap, but estimates based on ion-pump current are consistent with the observed frequency of background events.
Estimated recooling rates are also consistent with the data.
If the background interruptions in the fluorescence signal were due solely to collisions, one would expect their rate of occurrence to be independent of the 194-nm scattering rate. The average duration of the off times after a collision would be a function of the 194-nm intensity and detuning, since these parameters would affect the recooling rate. If the background interruptions were due solely to radiative decay, one would expect their rate of occurrence to be proportional to the 194-nm scattering rate, but their average duration to be fixed, since this would depend only on the metastable decay rates. The present data indicate that both processes may be present in that both the rate and the average duration of off times vary with scattering rate. Even with these background events, we find the lifetime for spontaneous emission from (I2) -(l)2= lo2R+ R l(R+ + R--)2.
In Fig. 3 
